I . Total body energy retention (ER) and metabolizable energy intake (MEI) values from experiments with 231 lambs (Suffolk 8 x (Border Leicester 8 x Cheviot 9) 9) housed indoors and given thirteen forage diets were used to estimate the metabolizable energy (ME) required for maintenance.
In the rationing of food, in the allocation of stock to a given area of land, as well as in the assessment of the nutritive value of a food fed at only one level of feeding, a knowledge of the maintenance requirement of the growing animal is required. Measurement of the utilization of the metabolizable energy (ME) of diets fed to growing and fattening ruminants has most frequently been made by calorimetry (Blaxter, 1962) . The same animal is fed at several different planes of nutrition above maintenance and sometimes at a maintenance level, and the slope of the linear regression line of energy retention (ER) on metabolizable energy intake (MEI) gives an estimate of the efficiency of utilization of metabolizable energy for growth and fattening (k,). An estimate of energy required for maintenance is obtained at zero ER.
The comparative slaughter technique (Thomson, 1963; Garrett et al. 1964; Milford, 1965; Thomson, 1968) can be used to estimate ER, k, and also, by extrapolation, maintenance requirement. In this paper values for total body ER, obtained from comparative slaughter experiments, and MEI for growing lambs, between 2 and 5 months of age fed forage diets, were used to derive an estimate of energy requirement for maintenance. Some of the assumptions implicit in the regression model are discussed, and an approximate confidence bound is given to the estimate. The estimate is compared with those from other sources.
M A T E R I A L S A N D METHODS

Animals and management
Growing lambs (Suffolk Jx(Border Leicester 8xCheviot 9) 0) were weaned at 5 weeks of age, and gradually established entirely on forage diets, before fasting (18 h) and entry to an experiment at approximately 8-9 weeks of age. The lambs were housed indoors in metabolism cages and food was offered either once (09.30 hours) or twice daily (09.30 and 16.00 hours), in specified amounts adjusted weekly on the basis of live weight and the rate of gain of the individual lambs. The levels of feeding (two, three or four) ranged from 
Measurements
All the lambs were housed indoors and the daily intake of food measured throughout the period of each experiment. The digestible and ME content of the forage diets was determined for each lamb at the level of feeding which appertained throughout the experimental feeding period. When urinary energy output had been measured, methane energy was calculated according to plane of nutrition and energy digestibility (Blaxter & Clapperton, 1969, and ME derived in the conventional manner as a percentage of the gross energy (GE) of the diet (Blaxter, 1962); alternatively it was estimated as 0.81 x digested energy (Agricultural Research Council, 1965). The ME values were then applied to the GE intake measurements for each individual lamb and MEI calculated as a mean daily value (MJjd) applicable over the period of experiment.
Total body ER (MJ/d) was measured as the difference between the final and initial total body energy content of each individual lamb. The total body energy content was obtained from the summation of the G E content of the carcass (plus head), internal organs and gut (empty), blood, wool and skin. The total body energy content of the lambs at the beginning of each experiment was estimated from linear regression equations relating total body energy content to fasted (18 h) live weight derived from sample groups (between eighteen and twenty-three) of similar lambs. The technique has been described in detail for sheep (Thomson, 1963; Paladines et al. 1964; Milford, 1965; Thomson, 1968) , and also for cattle (Garrett et al. 1964) .
Statistical analysis Both MEI and ER were scaled to metabolic live weight (kg0.'7, using the mean live weight of each animal, which was derived from the regression of live weight v. period of experiment. A series of regressions of ER v. MEI was determined for individual diets to estimate k, values (slope) and the MEI at zero ER (maintenance requirement for ME). An alternative regression model was assumed, in which the estimate of maintenance MEI was deemed to be the same for all diets. This results in a series of lines of different slope emanating from a single point (Xo, 0) on the x-axis. This type of model has been discussed extensively by Williams (1959) and in the instance of unknown X , does not provide an analytical solution except where the values have a particular structure; where X, is known the other criteria in the model can be determined by simple least squares. The value of X , which minimized the residual sum of squares for the model was determined by a simple search along the x-axis, and the remaining criteria were taken as corresponding to the simple least squares solution at that point.
R E S U L T S
The results of the individual regressions for each diet are shown in Table 2 . The thirteen diets gave estimated ME intakes at zero energy retention between 141 and 466 kJ/kg075 per d, with efficiencies (k,J of 0.25 to 0.53. Under the alternative hypothesis of a common maintenance intake for all diets minimal residual variation was exhibited at 339 kJ ME/kgo'75 per d (Fig. I) with k,, values between 0.30 and 0.54, as shown in Table 2 . From a statistical point of view the additional variance accounted for by fitting separate regressions to each diet compared with the variance accounted for by regressions constrained to a common intercept for all diets was not significant, so that the latter model is preferred.
The provision of tolerance limits for the estimate of MEI at zero ER is not straightforward (Williams, r959), and they have not been determined in this analysis. Fig. I demonstrates the effect on the residual mean square of changing the estimate of MEI at zero ER. It can be seen that the shape of the curve is markedly non-symmetric about the minimum value, and although the response is fairly insensitive for values of MEI below 339 kJ/kg0,75 per d, it increases rapidly for values above 339: if the residual mean square is permitted to vary by up to 10% of its minimum value then the estimate of maintenance could lie between 231 and 408 kJ/kg@75 per d.
The third and fourth columns of the estimates of MEI at maintenance for each diet (Williams, 1959) . In general these are quite wide since in all cases an extrapolation is required from the data values to the MEI axis. Intuitively the common intercept would have a more compact tolerance interval since all the data sets reinforce each other. Fig. 2 demonstrates the widening of the confidence intervals as the fitted unconstrained line is extrapolated for three separate diets; the constrained line is also shown. Two of the diets represent the extremes of estimated maintenance requirement while the third has the same parameters for both the unconstrained and the constrained models.
DISCUSSION
Use of results from this type of study necessitates extrapolation from a cluster of points to the horizontal axis for an estimate of MEI at maintenance. Inevitably this creates large errors and wide tolerance limits for the estimated intercept. This is amply demonstrated in Table 2 . There are two further problems: what exponent of body-weight should be used to scale the measured data, and should the relationship be curvilinear?
It has been conventional to scale according to metabolic live weight, using an exponent of 0.75 (Kleiber, 1963) , and that convention has been followed here. The actual exponent of body-weight used has little influence on the general conclusion of this study, since mean live weights of the lambs used in all the experiments were within a narrow range, consequently the scaling would only slightly perturb the basic relationship. However, a nonlinear regression model was used to determine the optimum exponent of body-weight in the range 0-5-1-0 for each diet. The result was inconclusive (only five diets chose intermediate values with one on the upper boundary and seven on the lower) and it was decided to retain the exponent 0-75. The relationship between ER and MEI is generally held to be curvilinear over a wide range (Blaxter & Boyne, 1970) though it is frequently approximated by two straight lines (Webster, 1978) . The results illustrated in Fig. 2 In Table 3 the values for the ME requirement for maintenance proposed by the Agricultural Research Council (1965) and adopted by the Ministry of Agriculture, Fisheries and Food (1975) Table 3 .
Approximate limits for the estimated maintenance value were presented earlier and these can be seen to correspond fairly well with the 90% tolerance limits presented in Table 2 for each individual diet. The upper limit of 408 kJ/kg0.75 per d gives maintenance requirements corresponding almost exactly with the recommendations of the Ministry of Agriculture, Fisheries and Food (1975) .
